Abstract. Between
Introduction
Total laryngectomy is an established, effective treatment for locally advanced laryngeal cancer (1) . However, it is a disfiguring procedure that markedly alters the patient's post-operative quality of life. The results of pilot studies have indicated that primary non-surgical procedures, that is, neoadjuvant systemic cytostatic chemotherapy followed by radiotherapy or concomitant chemoradiotherapy, may be just as effective as surgery (1) ; this assumes that total laryngectomy is available when conservative treatments fail. The benefit of these procedures lies in the potential to preserve the larynx in a relatively large proportion of patients (1, 2) . Primary indications for non-surgical treatment (preservation protocols) and total laryngectomy are presently very topical and a consensus has not yet been reached.
Conventional treatment for advanced laryngeal cancer (T3 and T4) with total laryngectomy, or total laryngectomy with post-operative radiotherapy, is associated with significant patient disfiguration (3) . Permanent tracheostomy, loss of a natural speaking voice and occasionally dysphagia means that physicians continue to seek alternative treatments to total laryngectomy, according to our opinion. Certain advanced types of cancer that are managed with partial laryngectomy or primary radiotherapy (with preservation of laryngeal function) may achieve results similar to those of total laryngectomy. However, primary radiotherapy is associated with lower patient survival rates, particularly in more advanced disease states, although salvage total laryngectomy remains a backup in cases of radiotherapy failure (4) . The results of several studies suggest that patients with advanced cancer of the larynx or hypopharynx with tumor regression following neoadjuvant systemic cytostatic chemotherapy and subsequent radiotherapy may be expected to have improved survival rates, compared with those that undergo radiotherapy alone (5, 6) .
In 1985, the Veterans Affairs Medical Center conducted a landmark prospective, multicenter, randomized study (The VA Study) to determine whether neoadjuvant chemotherapy followed by radiotherapy (with salvage total laryngectomy in the case of treatment failure) was a more appropriate approach than total laryngectomy with post-operative radiotherapy for patients with advanced stage III and IV laryngeal cancer (1) . The results revealed that, to preserve the larynx without reducing overall patient survival, neoadjuvant chemotherapy followed by radiotherapy may be effective for many patients with advanced laryngeal cancer. This previous study initiated a series of preservation protocols, which confirmed that neoadjuvant chemotherapy followed by radiotherapy was an effective alternative treatment for advanced laryngeal cancer (7) . As a result, there was a subsequent reduction in the number of total laryngectomies performed (8) .
A second study, the Radiation Therapy Oncology Group (RTOG) 91-11 study, was led by the RTOG and the Head and Neck Intergroup. It aimed to determine the efficacy of chemotherapy and radiotherapy in larynx-preserving treatments for advanced laryngeal cancer (2) . The RTOG 91-11 study compared the effects of radiotherapy alone, neoadjuvant chemotherapy followed by radiotherapy and concomitant chemoradiotherapy. All treatment modalities were revealed to result in comparable overall patient survival rates, with concomitant chemoradiotherapy determined to be the most likely to preserve the larynx. As such, concomitant chemoradiotherapy became the primary alternative to total laryngectomy in the treatment of advanced laryngeal cancer. Subsequently there was a decline in the use of primary total laryngectomy treatment, and a shift toward reserving it for salvage procedures in cases where primary non-surgical treatments failed (9) .
The present study analyzed treatment results of advanced laryngeal cancer patients at the Royal Vinohrady Teaching Hospital (RVTH) to assess whether they were consistent with the aforementioned observations. The primary objective of the current study was not to determine the percentage of laryngeal preservations, but to determine what effect a departure from primary total laryngectomy, for advanced laryngeal cancer, would have on overall patient survival.
Materials and methods
Patients. Between January 1997 and December 2013, the Charles University 3rd Medical School and RVTH Ear, Nose and Throat (ENT) oncology team (Prague, Czech Republic) treated 185 patients (30 females, 155 males; mean age, 60.7±9.4 years; age range, 40-86 years) with advanced laryngeal cancer, which (from a surgical perspective) required total laryngectomy. Written informed consent was obtained from all patients prior to enrollment in the present study and the study was approved by The Ethics Committee of The Medical Faculty of Charles University. Patients with inoperable disease or with poor overall health who were not candidates for surgical treatment were excluded from the study. None of the patients in the present sample group had tumors that were manageable with partial laryngectomy. Any patient that had previously treated head and neck cancer, or any duplicity, were also excluded. Inclusion criteria were operable laryngeal cancer between T2-T4 stages with a Karnofsky index >60% (10) . In this retrospective analysis, the sample was divided into patients who underwent total laryngectomy and post-operative radiotherapy, and those who were treated conservatively without primary surgery (for example by radiotherapy, neoadjuvant systemic cytostatic chemotherapy followed by radiotherapy, or concomitant chemoradiotherapy). Inclusion in the surgical and non-surgical arms of the present study was primarily based on the personal preference of the patient.
Patient analysis. Overall, ~70% of the patients (n=129) had undergone conventional surgery [total laryngectomy with post-operative radiotherapy (TL)], and ~30% (n=56) had been treated with larynx preservation protocols (PP). The majority of patients had extensive T4 tumors (41.6%) and stage IV disease (51.9%; 
Results
A total of 28 patients exhibited local recurrence after treatment (15.1%). Of these 28, 11 local recurrences were identified in primary surgical TL patients (8.5%), and 17/28 recurrences were present in primary non-surgical PP patients (30.4%). In total, 14 patients who received preservation treatment (25%) underwent a salvage total laryngectomy due to failed primary non-surgical treatment. Cervical nodal recurrence was observed in 10 patients (5.4% of treated patients), of whom 6 (4.7%) were TL patients and 4 (7.1%) PP patients.
Sex and age. The TL and PP groups were examined in an effort to identify dependencies and differences among specified parameters (sex, age, tumor extent, disease stage, local recurrence, cervical nodal recurrence and 5-year survival rate). Primary surgery had been performed on 56.7% of the females, and on 72.3% of the males in the present study. Male patients underwent surgery more frequently and this difference was not statistically significant (P<0.100; Table I ). The mean age of PP patients was significantly higher than that of TL patients (66 vs. 59 years, respectively; P<0.001; Table II) .
Tumor extent and disease stage. Patients with relatively extensive tumors were more frequently indicated for primary surgical treatment, a finding that was statistically significant (P<0.001). In total, 54.3% of TL patients had T4 tumors, whereas 12.5% of PP patients had T4 tumors (Table I) . There was also a difference between the groups with respect to disease stage. Stage IV disease was the diagnosis of 21.4% of PP patients, compared with 65.1% of TL patients. This difference was statistically significant (P<0.001; Table I ).
Local and cervical nodal recurrence. Primary non-surgical patients had a significantly higher frequency of locally recurrent laryngeal cancer (P<0.001). Only 8.5% of TL patients experienced local recurrence, compared with 30.4% of PP patients (Table I ). The two patient groups had a low frequency of recurrent cervical node metastases, and no statistically significant differences were recorded relative to this parameter (Table I) .
Survival analyses. Kaplan-Meier survival analyses revealed that PP patients had a 5-year survival probability of ~48%, whereas TL patients had a 5-year survival probability of ~63% (Fig. 1) . No statistically significant difference was observed between the 2-and 5-year survival rates (at the P<0.050 significance level), regardless of whether patients underwent primary surgical or non-surgical treatment. TL patients exhibited a statistically significant longer survival (P<0.010) compared with PP patients.
An overview of survival analyses in association with the studied parameters (sex, age, tumor extent, disease stage, local recurrence and cervical nodal relapse) is presented for TL and PP patients in Tables III and IV, respectively. The data demonstrate that survival is particularly affected by local and cervical node disease recurrence in TL patients (P<0.001), and by recurrent local carcinoma in PP patients (P<0.100). Kaplan-Meier survival analyses confirmed that sex did not affect the probability of survival. Male and female patients treated for laryngeal cancer that, according to standard indications, required total laryngectomy had a 5-year survival probability of ~60%, irrespective of treatment approach.
Patients >71 years of age had a significantly lower 5-year survival probability (~35%) than younger patients (>60%; P<0.010). The highest 5-year survival probability was observed in patients with the least extensive tumors (T2, ≤75%; T3, ~62%, T4, ~50%); however, these differences were not statistically significant. Disease stage also affected 5-year survival probability. Irrespective of the treatment method, 5-year survival probability was ~75% in patients with stage II, 65% in patients with stage III, and 55% in patients with stage IV disease; however, these differences were not statistically significant.
Local disease recurrence had a marked effect on 5-year survival probability. Regardless of treatment approach, patients without local recurrence had a 5-year survival probability of ~70%, whereas patients with local recurrence had a 5-year survival probability of only 20%, a significant difference (P<0.001). Recurrent cervical node metastases had a major effect on patient survival. Irrespective of treatment method, laryngeal cancer patients without cervical node recurrence had a 5-year survival probability of 65%, where as that of patients with cervical nodal recurrence was <20%, a significant difference (P<0.001).
An evaluation of the entire patient cohort indicated that the treatment method affected survival probability, and that TL patients survived significantly longer (P<0.010). The median survival time (the period during which at least 50% of patients are alive) was 97 months (>8 years) for TL patients, but only 56 months (<5 years) for PP patients. Survival probabilities were significantly different for various age groups (patients >70 years survived the treatments for a significantly shorter period; P<0.010), those that exhibited local recurrence vs. those that did not (P<0.001) and those that exhibited cervical node recurrence vs. those that did not (P<0.001; Table V) .
To determine which of the chosen parameters most significantly affected survival, stepwise Cox regression analysis was used to examine sex, patient age, tumor extent, disease stage, choice of primary treatment, local recurrence and cervical node recurrence. From these analyses, recurrence was selected at the first step as the parameter that most affected survival (P<0.001), age >70 years was selected at the second step (P<0.001), cervical node recurrence was selected at the third step (P<0.001) and disease stage was selected at the fourth step (P<0.010). The remaining parameters did not have a statistically significant impact on survival.
Discussion
The analyses of the present study differed fundamentally from the aforementioned VA and RTOG 91-11 studies (1, 2) , in that the current study was not a prospective randomized multicenter one, but rather a retrospective study based on the experience of one center. The present cohort included patients with laryngeal cancer who, from a surgical view point, would normally require total laryngectomy. Overall patient health and disease extent governed the recommendations of the ENT oncology team (i.e., T4 tumors were recommended for surgical management). As such, the patient representation in the two study groups contained a bias that would be in admissible in a prospective randomized study.
Patient samples. The present study included 185 patients with advanced cancer; 129 of these patients underwent primary surgical treatment and 56 underwent primary non-surgical treatment in an effort to preserve the larynx. The VA study was based on an evaluation of 332 patients; ~50% of these patients were in the surgical group (i.e., treated with total laryngectomy and post-operative radiotherapy), while the remaining half were assigned to the non-surgical group. The primary non-surgical treatment group of the present study consisted of patients treated with: i) Neoadjuvant systemic chemotherapy according to the VA study protocol; ii) patients treated with concomitant chemoradiotherapy according to the RTOG 91-11 study protocol; iii) patients treated with radiotherapy alone. The merging of these different patient groups into one was based on the outcome of the RTOG 91-11 study, which identified no statistically significant difference in overall survival between the three types of treatment. The RTOG 91-11 study evaluated 518 patients.
The mean patient age in the present study was 60.7 years, with a median age of 60 years. This was very similar to the mean patient ages in the VA study (mean age, 62 years) and in the RTOG 91-11 study, which had a median age of 59 years for patients treated with radiotherapy or neoadjuvant chemotherapy, and a median age of 60 years for patients treated with concomitant chemoradiotherapy. In contrast to these two randomized prospective studies, the present RVTH patient sample had a statistically significant age difference between patients in the surgical (mean age, 58.6 years) and non-surgical (mean age, 65.7 years) treatment groups. Thus, younger patients were more often recommended for surgery.
Regarding gender distribution, the present study included 155 males (84%) and 30 females (16%), the VA study included 321 males (97%) and 11 females (3%) and the RTOG 91-11 study included 401 males (77%) and 117 females (23%). The VA study had a significantly lower representation of female patients. Given that no statistically significant difference in the overall survival of males and females was identified in the RVTH sample, the variation in the number of males and females among the studies was not considered significant.
The inclusion criteria for the VA study protocol included stage III or IV laryngeal cancer with a Karnofsky index of >50. Patients with T1N1 tumors and inoperable tumors were excluded, as were patients with distant metastasis or a history Figure 1 . Kaplan-Meier survival analysis with Mantel-Cox test curves for patients treated with TL and patients with NS. TL 5-year survival probability was 63% and NS 5-year survival probability was 48%. TL, total laryngectomy; NS, primary non-surgical treatment. Mantel-Cox test: Chi-square=7.585, P=0.006.
of prior radiotherapy to the head and neck region. The majority of patients had stage III supraglottic cancer.
None of the patients in the present sample group had tumors that were manageable with partial laryngectomy, unlike the VA study. The non-surgical study arm of the current study was mostly represented by patients with stage III cancer and T3 tumor extension. Of the surgically treated patients, the majority had stage IV cancer with T4 extension. This reflects the strategy to recommend patients with advanced tumors for surgery. In contrast to the VA study, the present patient sample also included patients at stage II with T2 tumors (particularly in the non-surgical group). This stems from the understanding that even T2 laryngeal tumors can sometimes require surgical management with total laryngectomy. Furthermore, the RVTH ENT oncology team strictly adhered to the Union for International Cancer Control (UICC) recommendations. Therefore, if doubts exist regarding the TNM classification, the lower category (less advanced) is selected (6) . It is, therefore, possible that a large number of T2 laryngeal cancer cases in the present patient cohort may have been classified as T3 at a different treatment center.
The majority of patients had T3 supraglottic cancer without vocal cord fixation (N0, stage III) in the RTOG 91-11 study. The RTOG 91-11 study also had the inclusion criterion of stage III or IV laryngeal cancer with a Karnofsky index of >60, and excluded synchronous duplicate tumors. Tumors with T1 extension and (unlike the present patient sample) T4 tumors with extension through the thyroid cartilage or a >1 cm extension into the base of the tongue were excluded.
Study outcomes.
In the VA study non-surgical treatment group, 64% of patients had a preserved larynx two years following treatment. Total laryngectomy was required in 7% of patients owing to late tumor recurrence (>3 months after treatment), 80% of which occurred during the first-year post-treatment. Salvage laryngectomy was performed in 29% of patients owing to disease persistence following chemotherapy, or within three months of the conclusion of radiotherapy. A greater frequency of local recurrence was observed in tumors with glottis localization, tumors with vocal cord fixation, and thyroid cartilage invasion; however, these factors did not affect the statistical significance of local recurrence. Salvage total laryngectomy was performed significantly more often in stage IV cancer cases with a T4 extension. Subsequent stand-alone block dissection was only performed in 10 patients. Local disease recurrence occurred significantly less often in the surgical study arm (2 vs. 12% in the non-surgical arm, P<0.001). Cervical node recurrence was observed in 5% of patients in the surgical arm and in 8% of patients in the chemotherapy groups, though this difference was not statistically significant.
Similarly, local disease recurrence occurred statistically significantly more often in the non-surgical treatment group of the present study (30.4 vs. 8.5%; P<0.001), although in contrast to the VA study, the division of tumor extension and stage was not symmetrical (i.e., the surgical group had more patients with T4 tumors and stage IV disease). This implies that surgical management has an unambiguously positive impact in the prevention of local recurrence. In total, 17 patients in the non-surgical treatment group of the present study had local recurrences, of which 14 (82.4%) underwent a salvage total laryngectomy. Of the remaining three patients, one patient refused salvage laryngectomy and two were inoperable owing to the overall poor health of the patients (one patient had suffered an acute myocardial infarction, and one patient had suffered a severe cerebrovascular accident). Cervical node recurrence was diagnosed in 4.7% of the patients in the primary surgical treatment group, and in 7.1% of the primarily non-surgical treatment group, which was not a statistically significant difference. As with the VA study, ~66% of non-surgical treatment patients in the present study had a preserved larynx. In contrast to the VA study, however, one-third of the patients of the present study had stage II disease or, more precisely, were borderline between stage II and III. However, the non-surgical approach was burdened by a higher risk of recurrence. The RTOG 91-11 study, which compared the efficacy of non-surgical treatment for the entire sample, achieved a 2-year patient survival rate of 65% without total laryngectomy. The 2-year survival rates with larynx preservation were: 88% in patients treated with concomitant chemoradiotherapy; 75% in patients treated with induction chemotherapy; 70% in patients treated with radiotherapy alone. Successful concomitant chemoradiotherapy was significantly better for laryngeal preservation than induction chemotherapy or radiotherapy alone.
In terms of larynx preservation, no significant difference was observed between the efficacy of induction chemotherapy and radiotherapy alone. The conclusions of the RTOG 91-11 study demonstrated that primary non-surgical treatment may save the larynx in ~66% of patients with locally-advanced laryngeal cancer. In this respect, concomitant chemoradiotherapy is the most efficacious approach. Since induction chemotherapy does not produce (in terms of laryngeal preservation) better results than radiotherapy alone, if chemoradiotherapy is not possible then radiotherapy alone without chemotherapy is indicated.
Analysis and comparison of the studies.
The fundamental parameter of cancer treatment assessed in the present study was overall patient survival. Analyses of the patient sample of the present study indicate that treatment method significantly affects patient survival. TL patients survived significantly longer than patients with PP patients (P<0.010). The 2-year survival probability of PP patients was 75 vs. 82% in TL patients and the 5-year survival probability was 48% in PP patients vs. 63% in TL patients. However, the difference between 2-and 5-year survival rates was not determined to be significant in either group. In TL patients, survival was affected by the pre-operative parameters of tumor extent and disease stage (P<0.05), as well as the post-operative parameters of local recurrence and cervical node recurrence (P<0.001). In PP patients, none of the pre-treatment parameters (sex, age, tumor extent and disease stage) were determined to significantly affect survival. The post-treatment parameter local recurrence was revealed to have a no statistically significant impact (P<0.100). Analysis of the entire patient sample of the current study identified that pre-treatment parameters, treatment method and patient age, had a significant impact on the survival of patients with advanced laryngeal cancer (P<0.010); however, the post-treatment parameters local and cervical node recurrence were even more significant (P<0.001). Analyses of the patient samples of the current study suggested that primary non-surgical treatment could be used to save the larynx in ~66% of patients, but it is burdened with a higher risk of local recurrence, and negatively impacts patient survival (P<0.01); however, it did not statistically significantly affect the 2-and 5-year survival rates.
In the VA study, the 2-year survival probability for total laryngectomy patients and primary non-surgical treatment patients was identical (68%) and therefore was similar to (or slightly worse than) the sample of the current study (82 and 75%, respectively). In the RTOG 91-11 study, the 2-year survival probability was 76% for patients in the induction chemotherapy group, 74% in the chemoradiotherapy group and 75% in the radiotherapy alone group. The respective 5-year survival probabilities for these groups were 55, 54 and 56%, with no significant difference between them. These results are comparable with the previous two samples. Analysis from the RTOG 91-11 study revealed that none of the primary conservative treatment methods improved overall patient survival and that the incorporation of chemotherapy improved larynx preservation only in form chemoradiotherapy. Since induction chemotherapy did not increase likelihood of larynx preservations compared with radiotherapy alone, the method of choice was to include chemotherapy as part of a chemoradiotherapy regimen. On the basis of the results of the present study, platinum-based induction chemotherapy alone is not appropriate.
Analyses of the sample of the present study confirmed the conclusions of the VA and RTOG 91-11 pilot studies, which identified that primary non-surgical treatment of advanced laryngeal cancer may save the larynx in ~66% of patients. However, the present analyses also confirmed that primary non-surgical treatment has a significantly higher risk of local recurrence. Although no statistically significant difference was observed between 2 and 5-year survival rates (in agreement with the VA study), primary non-surgical treatment impaired overall patient survival (11) . The results of the analysis of the present study must be viewed as the results of a retrospective, non-randomized study. The primary surgical treatment group included younger patients with more extensive tumors and a higher disease stage. However, the present study did confirm that primary non-surgical treatment is an alternative approach to total laryngectomy. Conversely, salvage total laryngectomy is an integral component of the larynx preservation protocol (primary non-surgical treatment of advanced resectable laryngeal cancer). The final decision regarding treatment (12) . The toxicity of platinum-based chemoradiotherapy is substantial and many patients are unable to complete the prescribed chemotherapy or radiotherapy treatments. It is likely that primary non-surgical treatment combinations will vary in the future, depending on results from new, randomized, multicenter, prospective studies such as EORTC 24954 or TREMPLIN (13) (14) (15) . When deciding on treatment methods, it is also necessary to consider that, although primary non-surgical treatment approach can save the larynx in ~66% of patients, the preserved larynx may not be fully functional. Some patients with laryngeal preservation following primary non-surgical treatment who do not present with loco regional recurrence may nonetheless require tracheostomy, or even gastrostomy, for dysphagia. This reality adds further complications to the choice of laryngeal preservation protocols (16) .
A patient sample treated by the RVTH ENT oncology team between 1997 and 2013 was divided into those that received conventional treatment (i.e., total laryngectomy and post-operative radiotherapy), and those treated with laryngeal preservation protocols (i.e., chemoradiotherapy, neoadjuvant cytostatic chemotherapy followed by radiotherapy, or radiotherapy alone, and, in the event of non-surgical treatment failure, possible subsequent total laryngectomy). The aim of the present study was to compare both groups in an effort to prove or refute the findings of the VA and RTOG 91-11 pilot studies: That primary non-surgical treatment of locally advanced laryngeal cancer does not reduce the likelihood of patient survival, and may preserve a functional larynx in ~66% of patients. The 2-year survival probability of primary non-surgical patients was 75%, and the 5-year survival probability was 48%. In primary surgical patients, the 2-year survival probability was 82% and the 5-year survival probability was 63. However, this difference was not identified to be statistically significant. The present study confirmed that primary non-surgical treatment can save the larynx in approximate two-thirds of patients, but also identified that primary non-surgical treatment is burdened with a higher risk of local recurrence and a poorer overall survival rate (P<0.010).
In conclusion, the current study confirmed that primary non-surgical treatment is an alternative approach to total laryngectomy. Conversely, salvage total laryngectomy remains an integral component of laryngeal preservation protocols. The final decision regarding treatment approach should be left to the informed patient. A decreased overall survival rate, particularly in more extensive tumors and in younger patients, means that surgical treatment is recommended in these cases. If a patient opts for primary non-surgical treatment, it should be based on the RTOG 91-11 study results, which call for concomitant chemoradiotherapy. If the patient is unable to undergo cytostatic chemotherapy, radiotherapy alone should be used. The administration of platinum-based systemic cytostatic induction chemotherapy is not considered justified.
